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The Brayton engine speed control consists of speed sensing circuitry, logic for reg- 
ulation and control of electronic switches, and inductance-capacitance (LC) line filters. 
Speed control is accomplished by switching the excess generated power into a parasitic 
load resistance through a silicon controlled rectifier during a portion of the voltage 
cycle. This switching action results in the generation of voltage transients. The circuit 
was simulated on an malog computer to  examine the characteristics of these transients, 
to  evaluate the effectiveness of the filters incorporated into the speed control design for 
transient suppression9 and to determine whether supplementary filter circuits may be 
desirable. 

Test results showed that the voltage transients a re  generated by the effect of the 
alternator sell-inductance on the parasitic load current. The existing LC filter sup- 
presses transients to minimal Bevels at the alternator terminals. 
the parasitic load proved to be impractical. aveforms taken during actual steady- 
state operation of the alternator and speed control are compared with those obtained from 
the analog simulation for approximately 3 kilowatts of parasitic load, considered to be 
the T 9 ~ ~ r ~ t  case. '* 

itional filtering at 

The Brayton cycle power conversion system, under development by Lewis 
Research Center (refs. 
livers up to 15 kilowatts of useable electric power at 1200 hertz? three phase, 120 volts 
line to neutralP. A turbine-driven four-pole bmshless alternator (ref. 3) operating at 
36 000 rpm generates the electrical power, 

and 2) is now in the hardware testing stage. The system de- 

Alternator speed depends entirely upon the relation between the net input power 



furnished by the turbine and the load demand at the alternator output. Any change in 
either the input o r  output will result in a change in speed and, hence, in frequency unless 
some speed control device is employed. Power delivered by the turbine may be con- 
trolled by valves (ref. 4) which adjust the system gas flow to suit changes in the alter- 

n the other hand, if  turbine input power is constant, alternator output load 
may be held approximately constant by means of an electronically controlled parasitic 
load (ref. 5) which dissipates the excess generated power when user load demand is re- 
duced. 

sensed by continuously monitoring the alternator frequency with the speed control pack- 

ation from the preset frequency. Th s signal is fed to a magnetic amplifier, the output 
of which is applied to the control winding of a saturable reactor. The saturable reactor 
in turn develops the voltage to  control the phase angle for gating a silicon controlled 
rectifier (SCR). The SCR is switched closed during the period that gating is applied and 
connects a fixed parasitic load resistance to the alternator output for a portion of each 
cycle. The length of that period is a function of the deviation from the set frequency. 

hus, a small increase in engine speed caused by a reduction in user  load causes more 
current to  flow through the parasitic load resistance and net load on the engine to remain 
nearly condant . 

The speed control is designed to operate in three stages, o r  channels, each of which 
is sized to  dissipate 6 kilowatts of electrical power. When user load is reduced slightly 
from its 100 percent value, a slight increase in speed occurs which causes channel 
the first stage, to begin to load the parasitic load resistor (PLR). s user  load contin- 
ues to  decrease, the loading of the PLR by channel A continues until the full 6 kilowatts 
of this first stage is reached, resulting in an alternator speed proportional to an increase 
of about 14 hertz. 
14 hertz range of channel A occurs, and channel B turns on, dissipating up to 6 kilowatts 
of additional load. 
frequency. Channel C does not normally operate for speed control, since at the point it 
would turn on, the engine would be delivering more than 12 kilowatts to  the P 
little, If any to  the user  load, In effect channel C is standby speed control capacity in the 
event of failure of channel 
approximately 
load demand. 

he Brayton engine uses parasitic loading to control engine speed. The speed is 

he sensing circuit develops a dc e r ro r  signal which is proportional to  the devi- 

f user  load continues to decrease, an increase in speed beyond the 

the same manner, channel C! turns on for the third 14 hertz of over- 

There is an incremental increase in engine speed of 
out 2 percent in the range from zero to 100 percent user  

explains the design and operation of the speed control in detail. 
he speed control package contains the filtering components necessary 

voltage and current transients which occur at the moment the SCR is gated. 
transients were studied by analog simulation of a circuit which included the 
user  load, parasitic load, SCR, and the line filter. To verify the accuracy 

to suppress 

alternator, 
of the analy- 

These 
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sis , waveforms obtained by this simulation were compared with the corresponding wave- 
forms obtained earlier during subsystem tests. The computer simulation is discussed 
in more detail in the appendix. 
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parasitic load filter La voltage drop 
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arasitic load resistor R1 voltage drop 

frequency, i-ad/sec 

simplified representation of one phase of the alternator, user load, and speed 
control circuit is shown in figure I. ks and represent the alternator inductance 
and user  load, respectively; and LIT Cap and R1 are the filters and PLR resistance 
in o i e  channel of one phase of the speed control. Inductor L2 was added into the analog 
computer simulation to evaluate its effect on the voltage and current waveforms. 

e speed control 
and over a wide range of load power demands was performed (ref. ). Figure 2(a) 
shows a set of typical oscilloscope waveforms that were photographed during performance 
of those tests. These photographs were taken at an alternator output o 

a user  load of 8 kilowatts at . 0 power factor, leaving a net of 2 . 7  

'A very detailed study of the steady-state operating performance of 

this level of user load, channel takes the entire excess of 
alternator power output. Channels B and C of the speed control are full off. 
1 and 2 are approximately sinusoidal. and a r e  typical of the output voltage and current 
generated by the rayton alternator. 
graph of waveform 3 which shows the voltage across the P 

s seen that voltage switches abruptly to  its full v 
angle, then dips momentarily to approximately half the initial level, recovers, then 
drops in a near-sinusoidal form to zero at 180'. The second half of the cycle then re- 
peats but with polarity reversed. The nitial surge occurs at the moment the SCRPs are 

e is determined by the proportion of alternator power output that 
he PLR in order to maintain constant speed. Smaller user loads 
arlier, and thus divert power ta the PLR for a longer time seg- 
le occurs when a PLR channel is operating at one half its capa- 
erms of transient interference this is considered to be the most 

.In order to evaluate the performance of the filter circuit and to investigate possible 

f particular interest in this report is the photo- 

troublesome condition since switching occurs at the peak voltage value. 

design changes wh 
simulated on an analog computer. 

steady-state operational tests with the actual hardware. Both were taken with approxi- 
mately 3-kilowatt power dissipation in one PER channel. The almost identical wave- 
shapes of the corresponding traces verify the accuracy of the simulation by the computer. 
The parasitic load voltages V i  show a particularly striking similarity. The very pro- 

improve transient suppression, the circuit of figure 1 was 
aveforms obtained by this simulation are repro- 

in figure 2(b) beside the corresponding traces obtained in reference '7 during 



nounced voltage transient immediately following the firing of the SCR's led to the inves- 
tigation covered in this report. 

It was presumed from the outset that this transient is a function of the inductance 
of the alternator and filter circuits since there was relatively little effect at the alter- 
nator voltage output as compared with the extreme distortion observed at the PE 

his concept was verified on the analog computer, using the si 
nuator 3.was varied from a value simulating the inductance o 

cuit alone (10 pH) through values which simulated a very high source inductance Ls. 
Through this range, the parasitic load voltage "5 varied from almost no dip in voltage 
immediately following SCR turn-on to nearly 
to a value corresponding to  an inductance of 
the waveforms shown in figure 2 and confirmed that the self-inductance of the alternator 

henries in the filter circuit and the 2-microfarad capacitor C1 in conjunction with the 
100-microhenry alternator inductance effectively reduced the voltage transient at the 
alternator terminals to  an acceptable level. 

may be expected at the alternator terminals by an added inductance 
ser ies  with the P e Very little improvement was observed for v 
100 microhenries, as expected. The ti e constant for a 
series with the 6-ohm P 
half-cycle period of 415 microseconds for the alternator voltage. 

may be installed for any noticeable improvement. owever, since nine of these wou 
be required-one for each chan in three phases of the -and each must be heavy 
enough to carry the maximum R phase current, it nt that the small improve- 
ment in performance can be obtained only at disproportionate increases in  space and 
weight requirements. 

inating the speed control f Iter components 
For this test, the simulation of figure 3 was 
ure 4. It was expected that switching of the 
switching transients to appear on the alternator terminal voltage VTe The simulation of 
figure 4 verified this pred ction as shown in  the waveforms of figure 5. 

with the filtered circuit waveforms shows a serious spike in  the alternator 
terminal voltage, also reflected in the Bine current at the time of switching. 
further verified that the existing filters are necessary for satisfactory performance of 
the speed control. 

00 percent dip. Setting the attenuator 
es reproduced most nearly 

00 microhenries. This test also verified that a total inductance of 10 micro- 

A further investigation was performed to  evaluate the waveform improvement that 

all compared to  the 

inductance of 100 m crohenries appears to be the minimum inductance value that 

A final test was  performed to observe the effect on the voltage transients by elim- 

the configuration shown in fig- 
R filter L2 entirely. 

rent without the filters would cause 
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ernator output voltage transients caused by speed control parasitic load switching 
were investigated by comparing results of an analog simulation with experimental data. 
From this comparison it was shown that the voltage transients correlate very closely 
with the simul ed value of the source nductance. It was, therefore, concluded the volt- 
age transients seen across the parasitic load resistor (PER) were the result of the com- 
bined effects of the phase-angle switching technique used and the alternator inductance. 

By comparing t races  of line voltage VT with and without the line filter, it can be 
seen that the filter was successful in suppressing the line voltage transients to accept- 
able levels, thereby reducing possible sources of conductive and radiative line inter- 
ference. 

quired and that, if installed, would provide only marginal improvement. 
It was also demonstrated that additional filtering at the PLR terminals was not re- 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, February 23, 1971, 
120 -2 7. 
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The schematic of the analog simulation is shown in figure 3. In this figure, ampli- 
fiers 00, O b ,  and 02 with attenuating potentiometers b and 2 comprise the basic oscilla- 
tor  for the circuit. The operating frequency of 1200 hertz is determined by the setting 
of the attenuators. For this case 

w = 2nf 

200) = 9550 rad/sec 

R 

To make the computer operate in real time was not practical; therefore, equation (AI) 
was time scaled down by a factor of 10 to give an attenuator setting of 0.0755. 

The total speed control current Io is obtained from amplifier 11 which integrates 
the voltage drops across the source impedance Ls and filter inductor L1. These volt- 
age drops are designated VI and V2. For the analog simulation, the load current IL 
was assumed to  be at its steady-state condition so that it generated no transient voltage 
across  the source impedance Ls; also, the steady-state voltage drop in Ls due to  IL 
was neglected. Voltages V1 and V2 can then be obtained by subtraction of V3, the 
voltage across the filter capacitor Cp from the oscillator voltage Vo. This is accom- 
plished in amplifier 03. The integration rate, set by potentiometer 3, is obtained from 
the following equation: 

5 

di V = L -  
dt 

or 

I =  V dt 

Substituting the correct variables and assuming IL to  be at steady state give: 

0 =  + V2)dt 



and the attenuator setting, after agplying the time scale factor, is 

The voltage across  the filter capacitor V3 is obt ned by integration of IC2 in 
amplifier 20, where I2 is the difference of II from Ha) (amplifier 12). The setting for 
attenuator 6 is obtained from the following equation: 

ssuming a value of 2 microfarads for C1 and applying the time scale factor, PO-5 re- 
sult in the attenuator setting becoming . 

which is accomplished by setting attenuator 6 to  a value of 0. 50 and following with an 
amplifier with a gain of 

The PLR and its filter E2 are simulated with amplifiers 23, 2 and 22. The 
switching of the S'CR's is simulated by comparators M and M02. The firing angle is 
controlled by using potentiometer 9,  while potentiometer 8 controls the sonp' time. 
is set to hold the comparator on until V3 falls to  near zero. y varying attenuators 
and 9, while maintaining a difference of 0.005 for stability, the firing angle could be 
varied from 0' t o  90'. Control beyond 90' would have unnecessarily complicated the 
simulation. 

age waveform VT. Since VI is the voltage drop across  the source impedance, the 
terminal voltage 
tion (A2) 

Amplifiers 07, 08, and 09 are used to obtain dt; required to  obtain the line volt- 

is equal to vo - v . The impedance drop is obtained from equa- 

and the attenuator setting, corrected by the time scale factor, is 

8 



which is obtained by an attenuator setting of 0. PO0 and an amplifier gain of 100. 

Io to produce the total alternator current IT* 
Amplifier 14 generates a user load current, and amplifier 15 sums this current with 

The rest of the amplifiers are used as inverting multipliers. 

9 



1. Klann, John E. : Analysis and Selection of Design Conditions for a Radioisotope 
Brayton- Cycle Space Powerplant. A TN D-4600, 1968. 

2. Brown, William J. : Brayton-B Power System - A Progress Report. Proceedings 
ourth Intersociety Energy Conversion Engineering Conference. ASChE, 

1969, pp. 652-658. 

3. Repas, David S. ; and Edkin, Richard A. : Performance Characteristics of a 14.3- 
Ki1,ovolt-Ampere Modified Lundell Alternator for 1200 Hertz Brayton-Cycle Space- 
Power System. NASA TN D-5405, 1969. 

4. Thomas, Ronald L. : Turboalternator Speed Control with Valves in a Two-Spool 
Solar-Brayton System. NASA TN D-3783, 1967. 

5. Tew, Roy C. ; Gerchman, Robert D. ; and Hurrell, Herbert 6. : Analog-Computer 
Study of Parasitic- Load Speed Control for Solar-Brayton System Turboalternator, 
NASA. TN D-3784, 1966. 

6. Dunn, James H. : The 1200-Hz Brayton Electrical Research Components. Rep. 
APS-5286-R, AiResearch Mfg. Co. (NASA CR-72564), Mar. 19, 1969. 

7. Ingle, Bill D. ; Wimmer, Heinz L. ; and Bainbridge, Richard C. : Steady-State Char- 
acteristics of a Voltage Regulator and a Parasitic Speed Controller on a 
Kilovolt -Ampere, 1200 -Hertz Modified Lundell Alternator. 



Parasitic 
Speed control and f i l ters load 1 

Control, - 

I T  1 

I v2 signal I, I I -  I 

I 

Figure L - Simplified diagram of one phase of Brayton cycle alternator and speed control. 

(a-1) Actual l ine  voltage VT (b-1) Simulated l i ne  voltage VT 

(a-2) Actual l i ne  cur ren t  IT (b-2) Simulated l i ne  cu r ren t  IT 

(a-3) Actual parasitic load voltage 

(a) Dur ing  steady-state tests. 
v'3 

(b-3) Simulated parasitic load voltage v'p 

(b) Analog computer simulation. 

Figure 2. - Comparison of voltage and cur ren t  waveforms at un i ty  power factor. 
Alternator output, 10. 7 kilowatts; user load, 8 kilowatts. 



Figure 3. - Analog computer simulation of Brayton cycle alternator and speed control. 
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Figure 4. -Analog computer simulation of figure 1 omitting line and parasitic load resistor filters L1, L2, and C1. 



(a-1) Terminal voltage VP 

(a-2) Line cur ren t  IT 

(b-1) Terminal voltage VT 

(b-2) Line cu r ren t  IT 

I 

(a-3) Parasitic load voltage V3. 

(a) With normal speed control LC filters. 

(b-3) Parasitic load voltage v3 
(b) With fi l ters omitted. 

Figure 5. - Voltage and cu r ren t  waveforms obtained by analog simulation at un i ty  power factor. Alternator out- 
put, 10. 7 kilowatts; user load, 8 kilowatts. 
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